The present paper is aimed at providing a better understanding of the effect of interference and influence of strakes for wind load on Thermal Power Station (TPS) chimneys. Measurements of across and along vibration have been made on scale model of Panipat power station chimney, India. The aeroelastic model of the chimney has been tested in a simulated atmospheric boundary layer of height 1.0 m in the Boundary Layer Wind Tunnel at IIT Roorkee, India. The chimney model has been fabricated with FRP (fiber-reinforced plastic) at a geometric scale of 1:150 representing a chimney with height of 100 m in prototype. The wind tunnel tests for the present study have been carried out with the objective of obtaining the maximum along-wind and across-wind response of the chimney and this has been expressed in terms of bending moments. In particular, the interference effect between other nearby structures of the TPS has been investigated. Based on dimensional analysis measured values of chimney model have been converted into prototype values. In the present study, particular attention has been given to bending moment due to across-wind vibration, because it has been found that across-wind vibration is more predominant for the case of interference at a 45 o angle of wind incidence. Bending moment due to across-wind vibration for interference is found to be approximately double compared to that of stand-alone condition. To control across wind vibration, strakes have been mounted over the top one-third height of the chimney. It is found that there is a significant decrease in the magnitude of across as well as resultant bending moment in presence of strakes.
INTRODUCTION
Buffeting from upstream structures can provide substantial change in the dynamic response of the tall structures. Besides the experimental determination of the interference effect, no analytical approach or mathematical model is available to quantitatively predict the extent of interference, except for some work towards the application of neural network, which is in the stage of infancy. Wind tunnel testing has proved to be an efficient and practical approach towards the study of response of tall structures, particularly chimney models, under atmospheric wind flow. Several studies to determine the wind induced vibration of full scale chimney have been conducted by researchers (Galemann and Ruscheweyh 1992; Koten 1984) . (Tamura and Nishimura 1990 ) studied the elastic model of reinforced concrete chimney in wind tunnel and confirmed that epoxy resin material can be used to simulate the dynamic behavior of the reinforced concrete chimney in wind tunnel testing.
The wind resistant design of chimney is to be carried out after taking into account the along-wind load, across-wind load and aerodynamic interference effects. The present trend is to consider wind load as the sum of the two components. One is caused by the mean wind speed and the other by the fluctuating wind gust. The mean wind load contribution is proportional to the square of the reference wind speed. The dynamic component is evaluated using gust factor approaches; which depends upon the natural frequency, damping, geometric properties of the chimney and the Reynolds number.
In the present study, the wind tunnel testing was carried out with the objective of obtaining the maximum along-wind and across-wind responses of the chimney, as expressed in terms of the bending moment (BM), in order to assess the design forces. In particular, the interference effect between other nearby structures of the TPS has been investigated. In addition, present paper provides detailed results of along and across base BM of chimney for several combinations, particularly for stand-alone & interference and without & with strakes. Also, comparison of resultant BM at different levels of chimney with influence of strakes has been presented in the paper.
EXPERIMENTAL DETAILS

Wind-tunnel and boundary-layer simulation
The experiment has been carried out in an open circuit atmospheric Boundary Layer Wind Tunnel at Indian Institute of Technology Roorkee, India. The working section of the tunnel is 15 m long and 2.1 m wide. The height of the working section is approximately 2.0 m. The wind speed of the reference height (z = 100 cm) is 11.55 m/s.
In the present study, instantaneous velocity fluctuations have been recorded using hot-wire probe at a sampling frequency of 500 Hz for a duration of approximately 1 second; and, a total 8192 samples were recorded at each point to define flow characteristics. The mean velocity and longitudinal turbulence intensity profile were obtained in the wind tunnel. The velocity profile had a power law exponent ( = 0.18). The values of mean velocity and longitudinal turbulence intensity at a height of 15 cm from the surface have been found to be 8.5 m/s and 22% respectively.
Model chimney and interfering buildings
The aeroelastic model of chimney was made by fiber reinforced plastic (FRP) using epoxy resin. The chimney model and the other interfering building models were fabricated at geometry scale of 1:150 (as shown in Figure 1 ), representing a chimney and interfering structures, corresponding schematic diagram has been shown in Figure 2 . Experiment was performed for 0 o to 360 o angle of wind incidence, at an interval of 15 o . Measurements on the model have been carried out using temperature compensated resistance strain gauges of TML, pasted at four different levels; four at each level (0, 23, 43 and 63m on full scale, as shown in Figure 3 ), on the front and the back side for the along wind observation and on the side of across wind observation. The gauges were connected to four channels of 'TML' Dynamic Strainmeter along with a data acquisition system using high performance data acquisition card, PCL-206. The strains obtained were converted to BM by static calibration.
Prediction of forces for prototype is based on the following parameters: Length scale of the model L r , Mass density of chimney model FRP , Youngs modulus of Elasticity for model and prototype E m and E p . For prediction of results for prototype, various ratios need to be calculate, Density ratio r = concrete / FRP , modulus of elasticity ratio E r = E p /E m , thickness ratio T r = L r / r , Velocity Ratio V r = (E r t r /L r ) 2 .
The values of the bending moment (M m ) obtained from model tests can be converted to the corresponding prototype value (M p ) using the relationship M r = M p /M m = E r T r L r 2 .
The prototype
The site of the TPS is at Panipat, India, where the basic wind speed is 47 m/s (3-sec gust velocity, V 3sec ) at a height of 10 m above the ground surface, as specified in the Indian Standard Code (IS: 875-1987 Part 3). Theoretical value of resonant velocity for prototype chimney is calculated as 65 m/s. The hourly mean wind speed at the top of the chimney can be obtained from the expression, V HM = k 1 k 2 k 3 V 3-sec . The values of k 1 is 1.07 for return periods of 100 years. The terrain-height factor, k 2 has a value 0.79 for 100 m height of the chimney and the value of topographic factor K 3 is 1.0 for a given site condition. Thus the hourly mean velocities at the top of the chimney work out to be: V HM = 39.35 m/s (for lined chimney) which is less then the resonant velocity. The dimensions of chimney at four different levels have shown in Figure 3a . 
RESULTS AND DISCUSSIONs
In the first stage of testing, the aeroelastic model of the proposed 100 m high single flue chimney was tested as 'stand-alone', that is, without the surrounding structures of the TPS. Finally, testing was carried out with all the surrounding structures to study the effect of interference of these structures in modifying the response of the proposed chimney due to change in the characteristics of the incoming flow.
The observations were taken for angles of wind incidence varying from 0 o to 360 o at an interval of 15 o in the wind tunnel to determine the critical direction of wind producing maximum response (maximum wind induced forces) in the chimney. To control across wind vibration, strakes have been mounted over the top one-third height of chimney (IS: 4998-1992 part-1). It is found that magnitude of BM, due to across vibrations, reduces significantly as compared to that of the values obtained for chimney without strakes. For both stand-alone as well as interference condition, chimney has been tested without and with strakes. Predicted values of BM have been discussed. 
Stand-Alone Condition
The results for stand-alone condition of chimney with and without strakes have been given in Table 1 . Although, across base BM is reduces from 4144 to 3916 T-m, resultant BM increases from 6727 to 6930 T-m due to amplification in along base BM in both mean and fluctuating values. 
Interference Condition
Base BM due to across-wind vibration is more predominant for the interference case at 45 o angle of wind incidence for chimney without strakes. For this interference condition, it is found that base BM due to across vibration is approximately double as compared to that of stand-alone condition (4144 to 8113 Tm) due to buffeting from the upstream structures. Influence of strakes has shown significant changes in Figure 3b it can be seen that base BM of 8113 T-m due to across vibration of chimney without strakes changes to 5500 T-m for chimney with strakes.
CONCLUSIONS
In this paper, the amplification of wind loads on 100 m tall chimney due to interference of surrounding structures and influence of strakes has been studied. It is found that buffeting from upstream structures provide substantial increase in the value of bending moment (almost double), due to across vibration, when compared to that in stand alone condition. For interference condition, influence of strakes has caused an increase in the mean and fluctuating values of along base BM by 6.6% and 50.3% respectively due to increase in drag coefficient over the height where discrete strakes are mounted. However, significant decrease of 32.2% in magnitude of across BM results in a 14.4% decrease in the resultant bending moment of chimney.
